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(54) TOPOGRAPHIC FORM MEASURING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently measure the topographic form of a 
part where a vehicle can not travel such as mine, natural ground, or heading. 
SOLUTION: This device has visual camera means 2 for measuring the distance 
to a topography to be measured and absolute position detecting means 4 for 
detecting the three-dimensional absolute position of a vehicle, which are 
mounted on the vehicle; topographic coordinate measuring means 3 for finding 
the three-dimensional position data in a vehicle body coordinate system of the 
topography to be measured on the basis of the image pickup data of the visual 
camera means 2; coordinate converting means 7 for converting the 
three-dimensional position data in the body coordinate system of the topography 
to be measured by the topographic coordinate measuring means 3 by use of the 
detection data of the absolute position detecting means 4 into the 



three-dimensional position data in an absolute coordinate system; image pickup 
position instructing means 7 for instructing plurality of vehicle positions for taking 
the images of the topography to be measured by the image pickup means; and 
topographic data forming means 7 for composing the converted data of the 
coordinate converting means 7 based on the image pickup data of the visual 
camera means 2 in a plurality of different vehicle positions instructed by the 
image pickup position instructing means 7 to form the topographic data of the 
topography to be measured. 
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* NOTICES * 
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1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 
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3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] While carrying the vision camera means for measuring the distance to 
the geographical feature for measurement, and an absolute location detection 
means to detect the three-dimension absolute location of a car in a car A 
geographical feature coordinate measurement means to ask for the 
three-dimension location data in the car-body system of coordinates of said 
geographical feature for measurement based on the image pick-up data of said 
vision camera means, A coordinate transformation means to change into the 



three-dimension location data in an absolute coordinate system the 
three-dimension location data in the car-body system of coordinates of the 
geographical feature for measurement searched for with said geographical 
feature coordinate measurement means using the detection data of said 
absolute location detection means, An image pickup position command means 
to order it the car location where the plurality for picturizing the geographical 
feature for measurement differs to a car with said image pick-up means, A 
geographical feature data origination means to carry out synthetic processing of 
the translation data of said coordinate transformation means based on the image 
pick-up data of said vision camera means in the car location where the plurality 
ordered by this image pickup position command means differs, and to create the 
geographical feature data of the geographical feature for measurement, ******** 
- the geographical feature shape-measurement equipment characterized by 
making it like. 

[Claim 2] It is geographical feature shape-measurement equipment according to 
claim 1 which is further equipped with an attitude-angle detection means detect 
the attitude angle of a car, and is characterized by for said 
coordinate-transformation means to change into the three-dimension location 
data in an absolute coordinate system the three-dimension location data in the 
car-body system of coordinates of the geographical feature for measurement 



searched for with said geographical feature coordinate measurement means 
using the detection output of said attitude-angle detection means, and the 
detection data of said absolute location detection means. 
[Claim 3] Said image pickup position command means is geographical feature 
shape-measurement equipment according to claim 1 which calculates the car 
location of a degree for picturizing the geographical feature for measurement 
continuously in the direction along the ground using the translation data of said 
coordinate transformation means based on said image pick-up data in the car 
location concerned, and is characterized by carrying out the sequential 
command of the this calculated car location at a car. 

[Claim 4] Geographical feature shape-measurement equipment according to 
claim 1 characterized by having further an earth volume operation means to 
calculate the earth volume excavated based on the creation geographical 
feature data before and after digging of said geographical feature data 
origination means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



4 I 

[0001] 

[Field of the Invention] This invention relates to the geographical feature 
shape-measurement equipment which creates the overall geographical feature 
data of geographical features for measurement, such as a mine and a digging 
site, using a car. 
[0002] 

[Description of the Prior Art] In a mine, a quarry site, etc., in order to perform 
digging scheduling and production control, the terrain intelligence of a site is 
important. For this reason, he was trying to measure a geographical feature 
configuration in the former with the three-dimension location data which were 
run the digging site and obtained in the car which carried GPS at that time. 
[0003] However, although the configuration of the ground which can run a car 
can be measured by this technique, the configuration of the natural ground set 
as the object of digging or construction or working face is immeasurable. 
[0004] This invention was not made in view of such the actual condition, and 
aims at offering the geographical feature shape-measurement equipment which 
enabled it to measure efficiently the geographical feature configuration of the 
part which cannot run cars, such as a mine, a natural ground, and working face. 
[0005] 

[Means for Solving the Problem and its Function and Effect] While carrying the 



vision camera means for measuring the distance to the geographical feature for 
measurement, and an absolute location detection means to detect the 
three-dimension absolute location of a car in a car in invention corresponding to 
claim 1 A geographical feature coordinate measurement means to ask for the 
three-dimension location data in the car-body system of coordinates of said 
geographical feature for measurement based on the image pick-up data of said 
vision camera means, A coordinate transformation means to change into the 
three-dimension location data in an absolute coordinate system the 
three-dimension location data in the car-body system of coordinates of the 
geographical feature for measurement searched for with said geographical 
feature coordinate measurement means using the detection data of said 
absolute location detection means, An image pickup position command means 
to order it the car location where the plurality for picturizing the geographical 
feature for measurement differs to a car with said image pick-up means. He is 
trying to have a geographical feature data origination means to carry out 
synthetic processing of the translation data of said coordinate transformation 
means based on the image pick-up data of said vision camera means in the car 
location where the plurality ordered by this image pickup position command 
means differs, and to create the geographical feature data of the geographical 
feature for measurement. 



[0006] In invention corresponding to this claim 1. it asks for the three-dimension 
location data in the car-body system of coordinates of the geographical feature 
for measurement based on the image pick-up data of a vision camera means 
carried in the car, and changes into the three-dimension location data in an 
absolute coordinate system based on the output of an absolute location 
detection means by which this three-dimension location data was carried in the 
car. The field where the visual field of a vision camera means is changed by 
changing a car location, and the geographical features for measurement differ is 
picturized, and the overall configuration data of the geographical feature for 
measurement are acquired by carrying out synthetic processing of the 
three-dimension location data in the absolute coordinate system of each field 
obtained from these image pick-up data. 

[0007] Thus, since the three-dimension location data in the car-body system of 
coordinates of the geographical feature for measurement acquired from the 
image pick-up data of a vision camera means were changed into the absolute 
coordinate system according to invention corresponding to this claim 1, 
geographical feature for measurement of a picturized different field can be 
compounded now very easily, and the overview of the geographical feature for 
measurement can be acquired easily. 

[0008] In invention corresponding to claim 2, since the attitude angle of a car 



body is detected, a part for this detected attitude angle is amended and it asked 

for the three-dimension location data in the absolute coordinate system of the 

geographical feature for measurement, the configuration data of the more exact 

geographical feature for measurement can be obtained. 

[0009] In invention corresponding to claim 3, since the car was ordered the 

image pickup position so that the geographical feature for measurement could 

be continuously picturized in the direction along the ground, it is lost that image 

pick-up data overlap greatly, or become intermittent, and the overview of the 

geographical feature for measurement can be acquired efficiently. 

[0010] In invention corresponding to claim 4, since the earth volume excavated 

based on the geographical feature data before and after digging was calculated, 

the amount of digging can be judged from the volume. That is, the workload of a 

job site serves as useful technique for asking not by weight but by the volume to 

set [the]. 

[0011] 

[Embodiment of the Invention] The operation gestalt of this invention is 
explained to a detail according to an accompanying drawing below. 
[0012] Although drawing 1 shows the car 1 carrying geographical feature 
shape-measurement equipment and a car 1 performs transit control [ which / of 
automatic transit, remote-control transit, or owner man transit ], it shall have the 



navigation function using GPS (global . positioning . sensor) etc. at least. 
[0013] In this case, since a car 1 shall perform owner man transit, it has a GPS 
monitor for GPS navigation, the map the car is running is displayed on this GPS 
monitor, and it presupposes that it can display whether the car is located in 
which location on this map. 

[0014] In the following examples, the geographical feature for measurement 
presupposes that it is the working face section of a natural ground. 
[0015] In drawing 1 , in order to carry out the monitor of the three-dimensional 
overall configuration of a natural ground to a car 1 by the subject-copy image 
and to measure the three-dimension location to the car body 1 of a natural 
ground, it has the camera 2 as a vision camera means, and the distance to a 
natural ground is measured by the stereo method which used parallax with two 
cameras or multi-view cameras in this case. 

[0016] That is, if the case of two cameras is mentioned as an example, the upper 
half of drawing 2 shall show the geographical feature picturized with the left 
camera, and a lower half shall show the same geographical feature part 
picturized with the right camera. First, two or more point matrices (i, j) are set up, 
for example to a left camera image. And it investigates to which point of the right 
camera images the image of one point (i, j) of a left camera image corresponds 
using technique, such as pattern matching. And if the point of corresponding is 



searched for. it will ask for the location on the image of both [ these ] points, and 
such parallax d will be searched for further. And it asks for the distance data to a 
segment to which the distance between both cameras and the focal distance of 
both cameras other than this parallax d are used for, and both cameras are 
connected from a point (i, j). It asks for distance data by performing such 
processing repeatedly about each point. 

[0017] Depth map generation equipment 3 calculates the distance data to a 
natural ground as mentioned above. Thus, a depth map is displayed on a 
monitor 10 by changing the distance data d for every obtained pixel (i, j) into the 
gradation data according to distance d, and being outputted to a monitor 10, In 
addition, the subject-copy image picturized with the camera 2 is also inputted 
into the monitor 10, and a monitor 10 can display the both sides of a depth map 
and a subject-copy image. 

[0018] Moreover, with depth map generation equipment 3, as mentioned above, 
the depth map data matched with the three-dimension information on (i, j, d) are 
changed into the three-dimension coordinate data (Xpl, Ypl, Zpl) of car-body 
system-of-coordinates X1-Y1-Z1 which makes the predetermined point of a car 
1 a zero, as shown in drawing 3 . 

[0019] The location measurement sensor 4 detects the three-dimension location 
of a car 1 , and he is trying to use a GPS receiver for it in this case. That is, the 
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location measurement sensor 4 detects the home position (HXO, HYO, HZO) of 
car-body system-of-coordinates X1-Y1-Z1, as shown in drawing 3 . The 
three-dimension location data based on a GPS receiver are inputted through an 
antenna 5. In addition, based on the data obtained from the GPS receiver, the 
map of the area the car 1 is running on a monitor 10 is displayed, and it can 
indicate whether the car is located in which location on this map. 
[0020] The angle-of-rotation detection sensor 6 consists of two inclinometers 
which detect the yaw rate gyro which detects the angle of rotation of the direction 
of a yaw of the car body of a car 1, and the pitching angle and angle of roll of a 
car body, and detects the angle of rotation of car-body 3 direction, i.e., a posture, 
based on these detection results. That is, in drawing 3 , if XO-YO-ZO is made into 
an absolute coordinate system (groval coordinate system), from the 
angle-of-rotation detection sensor 6, the angle of rotation (RXO, RYO, RZO) of the 
car body showing the angle of rotation of car-body system-of-coordinates 
X1-Y1-Z1 to groval coordinate system XO-YO-ZO will be outputted. 
[0021] In the geographical feature measurement section 7, the following three 
processings are mainly performed. 

[0022] (a) Change into the three-dimension location data in an absolute 
coordinate system the three-dimension location data in the car-body system of 
coordinates of the natural ground obtained from depth map generation 
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equipment 3 using the output of the angle-of-rotation detection sensor 6 and the 
location measurement sensor 4. 

(b) Compound the geographical feature data of two or more natural grounds 
picturized with the camera 2, and create the overall geographical feature data of 
a natural ground. 

(c) It is ** about the car location (car location for an image pick-up) for photoing a 
natural ground continuously. ** is carried out. This calculated car location for an 
image pick-up is displayed on the navigation map of a monitor 10. 

[0023] Below, with reference to the flow chart of drawing 4 , the procedure of 
performing the shape measurement of a natural ground is explained. 
[0024] First, a car 1 is moved to the measurement starting position before the 
working face of a natural ground (step 100). Under the present circumstances, 
what is necessary is the distance of 37m or more being needed when picturizing 
working face with a width of face of 20m with the camera 2 of 30 field angles as 
shown in drawing 5 , but making it just move a car, looking at a depth map with a 
monitor 10 so that it may become the distance of 37m. 

[0025] If a car is located in a measurement starting position, a natural ground will 
be picturized at this point using a camera 2. Although the three-dimension 
location data in the car-body system of coordinates of the natural ground 
obtained from depth map generation equipment 3 are changed into the 



three-dimension location data in an absolute coordinate system in the 
geographical feature measurement section 7 using the output of the 
angle-of-rotation detection sensor 6 and the location measurement sensor 4, this 
is performed as follows. 

[0026] As shown in drawing 3 , namely, the three-dimension coordinate data 
(Xp1, Yp1, Zp1) of the point P with car-body system-of-coordinates X1-Y1-Z1 
Using the home position (HXO, HYO. HZO) of car-body system-of-coordinates 
X1-Y1-Z1 inputted as the angle of rotation (RXO, RYO, RZO) inputted from the 
angle-of-rotation detection sensor 6 from the location measurement sensor 4, as 
shown in a degree type (1) It is convertible for the coordinate location (XpO, YpO, 
ZpO) in absolute-coordinate-system XO-YO-ZO. 
[0027] 
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However, in the above-mentioned (1) formula, MRO is the rotation matrix of 
car-body system of coordinates, and is expressed like a degree type (2) using 
the angle of rotation of a car body. 
[0028] 



MRO = 



COS(RX0),SiN(RX0),0 
-SIN(RX0),COS(RX0),0 

0 . 0 ,1 

1, 0 , 0 
0, COS(RZ0),SIN(RZ0) 
0,-StN(RZ0),COS(RZ0} 



COS(RY0),0,-SIN(RY0) 

0 ,1 , 0 
SIN(RYO),0, COS(RYO) 



• (2) 



It can ask for the three-dimension location data in the absolute coordinate 
system of the geographical feature picturized in the 1st image pickup position by 
performing processing by such formula (1) to each pixel of a depth map (step 
110). 

[0029] Next, the following image pick-up point for performing continuous 

geographical feature measurement of a natural ground is calculated. 

[0030] That is, unless the next image pick-up point is set up proper, as shown in 

drawing 6 , the area which is not picturized between the image pick-up area aO 

section and the following image pick-up area b section cannot occur, or the field 

which an image pick-up overlaps becomes large too much, and efficient 

geographical feature measurement cannot be performed. 

[0031] So, in this example, as shown in drawing 7 , it asks for the image pick-up 

points AO, A1, and A2 and - which can perform a continuous image pick-up one 

by one, and this processing that is made to picturize by moving a car 1 to this 

****** photography point is performed as follows. 



[0032] First, as shown in drawing 8 , based on the three-dimension location data 
in the absolute coordinate system for which it asked at step 110 of the depth 
map picturized on the 1st image pick-up point AO (XgO, YgO, ZgO), or the point, 
the mean distance L to the natural ground picturized on the 1st image pick-up 
point (refer to drawing 9 ) is found. 

[0033] Next, it asks for the measurement width of face LO, and asks for the 
formula of the straight line A which approximates the surface part of a natural 
ground further. 

[0034] First, the three-dimension location data in the car-body system of 
coordinates of the natural ground obtained from depth map generation 
equipment 3 are amended using the car-body angle of rotation (RXO, RYO, RZO) 
which can be acquired from the angle-of-rotation detection sensor 6. That is. 
using the angle of rotation (RXO, RYO, RZO) inputted from the angle-of-rotation 
detection sensor 6, as shown in drawing 3 , the three-dimension coordinate data 
(Xpl, Ypl, Zpl) of the point P with car-body system-of-coordinates X1-Y1-Z1 is 
changed into a coordinate location (Xp2, Yp2, Zp2), as shown in a degree type 



(3). 



[0035] 
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ZP2 
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XP1 
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(3) 



This changed data is projected on a Z-X flat surface. You may make it project 
the depth map of the part of the predetermined range of the direction of height Y 
at the time of this projection. For example, the direction of Y is set to 0-1 Om 
which is the range which an excavator reaches. A Z direction corresponds to the 
range direction caught with a camera 2, and the direction of X makes a 
horizontal direction and the direction of Y the height direction. Suppose that the 
projection image as shown in drawing 10 was obtained as a result of this 
projection. It is choosing the lowest point about the Z direction in this projection 
image (the black dot's showing), and carrying out straight-line approximation of 
these lowest points using the least square method etc., and is formula 
ApX+BpZ+D=0 of a straight line A. ~ (4) 

******** 

[0036] If X of the car-body location data inputted into this (4) type from the 
location measurement sensor 4 and Z component are added, it can ask for the 
formula in the absolute coordinate system of Line A like a degree type (5). 
[0037] 

Ap(X+HXO)+Bp(Z+HZO)+D=0 - (5) 

Moreover, the measurement width of face LO can be calculated by searching for 
the coordinate of the both ends of the data of the lowest point of drawing 10 , 



and finding the distance between these coordinates (step 120). 
[0038] Thus, if the approximate expression A of the front face of the 
measurement width of face LO and the geographical feature for measurement 
can be found, it will ask for the line B parallel to the line A which passes along 
the 1st image pick-up point AO (XgO, YgO, ZgO), and the point which only 
distance LO separated from AO point on this straight line B will be considered as 
the following image pick-up point A1 . 

[0039] That is, the line B which passes along AO (XgO. YgO, ZgO) becomes like a 
degree type (6). ApX+BpZ-(ApXgo+BpZgo) =0 ~ (6) 

moreover, X of the following image pick-up point A1 and a Z coordinate ~ a 

degree type (7) ~ like 

Bp 



X = XgO+LO • 



Z = ZbO-LO- 



VAp2 + Bp2 

(7) 



VAp2 + Bp2 



It becomes (steps 130 and 140). 

[0040] Thus, count of the location of the following image pick-up point A1 
displays the following image pick-up point A1 on the navigation monitor of a 
monitor 10 based on this location data. 

[0041] Seeing this display, an operator moves [ point / A1 / following / image 



pick-up ] a car (step 150). 

[0042] Hereafter, above-mentioned processing is repeated and it is made to 
perform it until measurement of all the fields of a natural ground is completed 
(step 160). 

[0043] In the geographical feature measurement section 7, the overall 
configuration data of a natural ground are created by compounding the 
geographical feature data of two or more fields where the image pick-up points 
obtained by doing in this way differ. Since the geographical feature data of each 
field are expressed with the absolute coordinate system in the case of this 
composition, that synthetic processing can be performed now very easily, and 
the overview of the geographical feature for measurement can be acquired 
easily. 

[0044] Moreover, since it operates sequentially, the image pick-up point for 
picturizing a natural ground continuously in the direction along the ground in this 
example is moved to these image pick-up points and it was made to picturize 
geographical feature, it is lost that image pick-up data overlap greatly, or 
become intermittent, and the overview of the geographical feature for 
measurement can be acquired efficiently. 

[0045] In addition, in order to prevent that a measurement field is vacant with the 
error of measurement data etc., this migration length LO is set to 0.9xL0. and you 



may make it make a measurement field overlap a little in the above-mentioned 
example, although the migration length LO to the following image pick-up point 
was set up without two or more measurement fields completely overlapping so 
that it might become continuous. 

[0046] Moreover, you may make it change the horizontal include angle of 
camera 2 the very thing, or the horizontal include angle of a car body 1 so that 
the boundary section (it sets to drawing 8 , for example, they are P points) with 
the next measurement field measured on a certain image pick-up point AO may 
go into the visual field of the camera in the case of an image pick-up with the 
following image pick-up point A1 certainly. In this case, what is necessary is just 
to calculate the include angle or car-body include angle of the camera 2 which 
can catch P points in the visual field of a camera on the image pick-up point A1 
using these data, since each coordinate of AO point, P points, and A1 point and 
the field angle of a camera 2 are known. 

[0047] Moreover, as shown in previous drawing 6 , when the omission of a 
measurement field arises, you may make it compensate the measurement data 
of these parts using a interpolation operation etc. 

[0048] Furthermore, the height of the geographical feature for measurement is 
high, and in an image pick-up, when the up field (part shown by Q of drawing 9 ) 
of the geographical feature for measurement cannot be picturized, it is made to 



picturize by changing the include angle of a camera 2 up once. In this case, to 
form the sensor which detects change part thetac of the angle of rotation of the 
vertical direction of a camera 2, to carry out the rotation matrix shown in the 
previous formula (2) like a degree type (8), and what is necessary is just made to 



perform the coordinate transformation operation of a formula (1). 



[0049] 



MRO 



COS(RX0),SIN(RX0),0 
-SIN(RX0),COS(RX0),0 

0 , 0 ,1 

1, 0,0 
0, COS(RZ0)tSIN(RZ0) 
0,-SIN(RZ0),COS(RZ0) 



COS(RY1),0,-SIN(RY1) 

0 ,1, 0 
SIN{RY1),0, COS(RYI) 



(8) 



The difference between a formula (2) and a formula (8) only changed RYO to 
RY1. However, it is RY1=RY0+thetac. 

[0050] Thus, since the three-dimension location data which the include angle of 
a camera 1 was changed up and down, and were obtained are also an absolute 
coordinate system, it is easily compoundable with the three-dimension location 
data of a downward measurement field. 

[0051] By the way, if it is made to acquire in front of digging of the 
three-dimension location data of the working face which can be obtained as 
mentioned above, and in the back, as it is shown in drawing 1 1 using them, earth 



volume can be calculated easily. 

[0052] That is, although drawing 1 1 (a) shows the three-dimension configuration 
of the working face before digging and drawing 1 1 (b) shows the 
three-dimension configuration of the working face after digging, it can ask for the 
volume of the working face before and behind digging from these 3-dimensional 
each configuration data, respectively, and the earth volume of this digging can 
be calculated by calculating these differences. Moreover, as shown in drawing 
Vl^ (c) from the three-dimension configuration of the working face before and 
behind digging, it can also ask for the actually excavated configuration data of a 
part, and you may make it calculate earth volume from the actually excavated 
configuration data of a part. Usually, although calculated in totaling the weight of 
the dump truck which loaded earth and sand, since he is trying for earth volume 
to calculate excavated soil quantity based on the configuration of the working . 
face part of the side excavated in this case, if the condition of the first working 
face and the condition of final working face are measured even when digging 
and a loading activity are done repeatedly, it can calculate total-earth volume 
easily at once. 

[0053] Moreover, if the three-dimension location data of the working face 
obtained as mentioned above are measured every [ every day or ] several days 
and it is made to carry out storage preservation of these measurement data, the 



historical data of digging will be obtained and it is very useful because of digging 
scheduling or production control. 

[0054] In addition, if the location measurement sensors 4, such as a 
stereoscopic camera 2 and GPS, the angle-of-rotation detection sensor 6, and 
depth map generation equipment 3 are carried in a car and these data are 
transmitted to a base station on radio etc. at least when making remote control 
and automatic transit perform on the car 1 of an example, components, such as 
other geographical feature measurement sections 7 and a monitor 10, are 
omissible from a car 1 . 

[0055] Moreover, what is necessary is making it just display each image pick-up 
point location on the remote-operation board, when performing remote control, 
although each image pick-up point location's was displayed on the GPS monitor 
on a car since the case owner man transit having been performed in the 
above-mentioned example was taken for the example. Moreover, what is 
necessary is not to carry out the monitor display of each image pick-up point 
location, and just to order the automatic transit control system of a car each 
calculated image pick-up point location for migration of a car, especially when 
making automatic transit perform. 

[0056] Moreover, a car 1 is used as excavators, such as a power shovel and a 
wheel loader, and you may make it carry the component of drawing 1 in these 



• I 

p 



excavators. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the example of this invention. 
[Drawing 2] Drawing explaining the principle of the distance measurement by the 
stereoscopic camera method. 

[Drawing 3] Drawing showing the relation between car-body system of 
coordinates and an absolute coordinate system. 

[Drawing 4] The flow chart which shows the procedure of geographical feature 
measurement. 

[Drawing 5] Drawing showing the arrangement relation between the 
geographical feature for measurement, and a stereoscopic camera. 
[Drawing 6] The explanatory view in the case of performing intermittent 
measurement. 

[Drawing 7] The explanatory view at the time of performing continuous 
measurement. 

[Drawing 8] Drawing explaining the technique of asking for the following image 



pick-up point for performing continuous measurement. 
[Drawing 9] Drawing explaining the distance L a camera and for measurement. 
[Drawing 10] Explanation for searching for the car migration direction for asking 
for the following image pick-up point. Drawing 

[Drawing 11] Drawing explaining the technique for managing earth volume. 
[Description of Notations] 

1 - Measurement car 

2 - Stereoscopic camera 

3 ~ Depth map generation equipment 

4 - Location measurement sensor 

5 - Antenna 

6 ~ Angle-of-rotation detection sensor 

7 - Geographical feature measurement section 
10 - Monitor 
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